Commentary  by unknown
The Journal of ThoracIc and 
Cardiovascular Surgery 
Volume 117, Number 5 
18. Grabenwoger M, Ehrlich M, Simon P, Gnmm M, Laufer G, 
Wollenek G, et al. Thoracoabdominal aneurysm repair: spinal 
cord protection using profound hypothermia and circulatory 
arrest. J Card Surg 1994;9:679-84. 
19. Di Chiro G, Wener L. Angiography of the spinal cord: a review of 
contemporary techniques and application. J Neurosurg 
1973;39:1-29. 
20. Fereshetian A, Kadir S, Kaufman SL, Mitchell SE, Murray RR, 
Kinnison ML, et al. Digital subtraction spinal cord angiography 
in patients undergoing tboracic aneurysm surgery. Cardiovasc 
Intervent Radiol 1989;12:7-9. 
21. Savader SJ, Williams GM, Trerotola SO, Perler BA, Wang MC, 
Venbrux AC, et al. Preoperative spinal artery localization and its 
relationship to postoperative neurologic complications. 
Radiology 1993;189:165-71. 
22. Heinemann MK, Brassel F, Herzog T, Dresler C, Becker H, Borst 
HG. The role of spinal angiography in operations on tbe tboracic 
aorta: myth or reality. Ann Thorac Surg 1998;65:346-51. 
Commentary 
A thorough understanding of spinal cord vascular 
anatomy is of particular importance in the prevention of 
postoperative spinal cord injury after aortic surgery.!,2 
The spinal cord is supplied by both anterior (larger) and 
posterior (smaller) radicular arteries arising from seg-
mental intercostal or lumbar arteries, with an average 
of 2 to 4 thoracic radicular arteries arising from the 
intercostals in primate adults.!,3 The lumbar area has 2 
to 3 lumbar radicular arteries, whereas the distal end of 
the cord is supported by a cruciate anastomosis. These 
radicular arteries supply the meandering network of 
posterolateral spinal arteries and the continuous ventral 
midline anterior spinal artery. Anatomic dissections 
have shown the anterior spinal artery to be continuous 
along the whole length of the spinal cord by anatomic 
dissections, although by angiographic x-ray examina-
tion the artery may sometimes erroneously appear dis-
continuous. The study by Koshino and colleagues4 con-
firms, on the basis of anatomic grounds, that the size of 
the segmental intercostal or lumbar arteries has no cor-
relation either as to which specific artery the arteria 
radicularis magna (ARM, the artery of Adamkiewicz) 
arises from or to the size of the ARM per se. These 
observations are not unexpected, because the ARM is 
small (in our study,3 0.941 mm; in Koshino and col-
leagues' study,4 0.77 mm), in comparison with the size 
of the segmental arteries (2.8 rnm).4 Indeed, the size of 
the segmental arteries appears to be more dependent on 
the muscle bulk supplied on either the chest or abdom-
inal wall. Clearly, the size of the segmental artery ostia 
in the aorta, or the amount of backflow from the ostia 
during aortic surgery, has no bearing on the ARM or 
any other major radicular artery arising and being sup-
plied by the particular segmental artery. Thus a com-
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mon misunderstanding, based on the faulty premise 
that the largest segmental ostia with the most backflow 
need to be reattached to reestablish spinal cord blood 
flow, may result in inadequate reperfusion of the spinal 
cord. Therefore reattaching only these vessels, which 
may not supply the spinal cord, at the time of descend-
ing thoracic or thoracoabdominal repairs is fraught 
with the risk of not adequately reestablishing the spinal 
cord blood supply. Of relevance, ligation of only the 
ARM before it joins the anterior spinal artery both in 
nonhuman primate studies and in porcine studies 
results in a high paraplegia rate (50%-100% and 
71.4%, respectively).! 
The anatomy of the ARM and thoracic radicular 
arteries and their junction with the anterior spinal 
artery are critical to understanding blood flow patterns 
during repairs on the descending and thoracic or thora-
coabdominal aorta, particularly when using distal aor-
tic perfusion. In the course of performing an impressive 
number of spinal cord dissections (>100 performed), it 
is unfortunate that Koshino and colleagues4 did a pos-
terior laminectomy rather than an anterior removal of 
the vertebral bodies. Had they used the latter method, 
they might have further confirmed our findings in 8 
human spinal dissections and some 60 in the chacma 
baboon. Our dissections invariably showed that the 
ARM joins the anterior spinal artery at an acute angle 
and then takes a well-described hairpin bend to join the 
more caudally directed anterior spinal artery. The ante-
rior spinal artery is characteristically diminutive above 
this junction (0.231 mm in our study) in human beings 
and considerably larger below the junction (0.941 rnm 
in our study, P = .0057).!,3,5 The importance of this 
finding is that during an aortic repair, perfusion of seg-
mental arteries supplying the ARM results in perfusion 
of the caudal spinal cord below the junction of the 
ARM. On the basis of our calculations by Poiseuille's 
equation, resistance was 278 times greater up the ante-
rior spinal artery. This pattern of anatomy and blood 
flow was confirmed by our radioactive microsphere 
blood flow studies in nonhuman primates.5 Similarly, 
only reattachment of the ARM and more caudal seg-
mental lumbar arteries should protect the lumbar spinal 
cord, but may leave the lower thoracic spinal cord in 
jeopardy. In contrast to the ARM, thoracic radicular 
arteries join the anterior spinal artery end to side and 
perfuse the spinal cord both cranially and caudally. 
Thus distal aortic perfusion and also reattachment of 
these arteries ensure better protection of the thoracic 
spinal cord, particularly when a large lower thoracic 
spinal cord radicular artery is present, as is often the 
case and as Koshino and colleagues have also 
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noted.I,3,4 (It should be noted that they defined the 
ARM by size and not by the characteristic junction 
with the anterior spinal artery; hence duplicate 
"Adamkiewicz arteries" were recorded.) It is important 
to understand, however, that because of the longitudi-
nal nature of the anterior spinal artery and the postero-
lateral spinal arteries, collateral supply to the spinal 
cord from distant sources, for example, the cervical 
radicular arteries or vertebral arteries, may often be 
sufficient to maintain spinal cord viability in the tho-
racic segment, even if all the thoracic radicular arteries 
are occluded or oversewn. 
How then should segmental arteries be managed dur-
ing operative repairs of the descending or thoracoab-
dominal aorta with our current level of knowledge? For 
repairs of the proximal and mid-descending aorta, 
reimplantation of segmental arteries does not, in my 
opinion, appear to be critical, as has also been dis-
cussed by Griepp and colleagues.6 We have evaluated 
and mapped the spinal cord blood supply with hydro-
gen and found that only about I in 4 patients with 
aneurysms had vessels from this segment supplying the 
spinal cord. Furthermore, insertion of stents that 
occlude intercostal arteries in this segment can be safe-
ly placed. However, for repairs of the distal descending 
aorta,I,4 particularly beyond T8,9 the risk of spinal cord 
injury is statistically increased by graft replacement 
without reimplantation of segmental arteries or by stent 
graft placement. 1,6-9 Nevertheless, most patients may 
have no harmful effect. l ,6-9 By contrast, however, I 
believe reimplantation of segmental arteries is vital for 
Crawford type I and type II thoracoabdominal 
aneurysms. In such operations, a large number of seg-
mental arteries arise from the aorta to be repaired, and 
there have been careful studies to evaluate the influence 
of patency of segmental arteries and whether they were 
reattached or not as to the risk of neurologic injury.8-12 
These reports have clearly shown a significantly high-
er risk of spinal cord injury with failure to reattach 
patent segmental arteries.8-12 In our study,to this was 
particularly so for failing to reattach patent segmental 
arteries in the T1 O-Ll segment. With these more exten-
sive repairs, Griepp and colleagues6 also found that the 
larger the number of segmental arteries that were sacri-
ficed, the greater the risk of spinal cord injury. 
On the basis of our studies and our understanding of 
the spinal cord vascular anatomy, we have in the past 
(since 1986) recommended a general rule of thumb that 
all intercostal lumbar arteries including T7 down to LI 
should be reattached. I-3,7.to This general approach has 
the advantage of most likely perfusing both the ARM 
(and the lumbar spinal cord) and the lower thoracic 
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radicular arteries (and the lower thoracic spinal cord). 
Koshino and colleagues have used this approach with 
some success. In my view, the problems with the T7-Ll 
operative strategy are as follows: (1) Reattaching all 
these arteries from T7 to LI prolongs the crossclamp-
ing time, and the latter has been the best predictor of 
spinal cord injury; (2) some of the arteries that are reat-
tached may not need to be reattached, although they 
may contribute to collateral blood flow. Obviously, an 
accurate and reliable technique for identifying those 
arteries that need to be reattached should be the goal. 
Thus far, various experimental methods have been 
described, such as preoperative spinal cord angiogra-
phy, intraoperative somatosensory evoked potential 
monitoring, and the techniques we have used of spinal 
cord motor-evoked potential monitoring and hydrogen 
or oxygen mapping. 1 The main drawback of these tech-
niques, so far, is that they are complicated and, hence, 
time consuming. If anyone of these methods can be 
refined to the degree that they are simple to apply, reli-
ably accurate, and sensitive, then one or more will 
become clinically applicable. Our early experience 
with hydrogen mapping suggested that the aortic cross-
clamp time may be shortened in some patients with this 
method.7 In the meantime, reattaching all intercostal 
arteries from T7 to LI and adjunctive protective meth-
ods (distal perfusion, hypothermia, intrathecal papaver-
ine, cerebrospinal fluid drainage, mild postoperative 
hypertension) have resulted in a lower risk of paraple-
gia; thus only 2.9% of our recent 74 patients undergo-
ing descending or thoracoabdominal repairs were 
unable to walk after the operation. Others8,11,12 have 
adopted this rule of thumb, including Coselli and col-
leagues, who recently reported their experience with 
1220 thoracoabdominal repairs at the January 1999 
meeting of The Society of Thoracic Surgery, with an 
overall incidence of spinal cord injury of 4.6%. 
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